This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
Please do not report the images to the 
Image Problem Mailbox. 



THIS 



Pft6 E BUM** l8S " W 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(SI) International Patent Classification 7 : 
C12Q 1/68, C12N 1704, 15/10 



Al 



(11) International Publication Number: WO 00/06780 

(43) International Publication Date: . 10 February 2000 (10.02.00) 



(21) International Application Number: PCT/US99/17375 

(22) International Filing Date: 30 July 1999 (30.07.99) 



(30) Priority Data: 
09/127,435 



31 July 1998 (31.07.98) 



US 



(63) Related by Continuation (CON) or Continuation-in-Part 
(CIP) to Earlier Application 

US 09/127,435 (CIP) 

Filed on 31 July 1998 (31.07.98) 



(71) Applicant (for all designated States except US): AMBION, 

INC. [US/US]; 2130 Woodward Street, No. 200, Austin, 
TX 78704 (US). 

(72) Inventor; and 

(75) Inventor/Apphcant (for US only): LADER, Eric, S. [US/US]; 
12410 Blossornwood Drive, Austin, TX 78727 (US). 

(74) Agent: WILSON, Mark, B.; Arnold White & Durkee, P.O. Box 
4433, Houston, TX 77210 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN. CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD. MG, MK, 
MN, MW, MX, NO, NZ, PL, PT. RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, IT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG. KZ, MD. 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAP1 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHODS AND REAGENTS FOR PRESERVING RNA IN CELL AND TISSUE SAMPLES 
(57) Abstract 

This specification relates to the field of molecular biology and provides novel methods and reagents for preserving and protecting 
the ribonucleic acid (RNA) content of samples from degradation prior to RNA isolation. This preservation may be accomplished" without 
ultra-low temperature storage or disruption of the tissue. 



t 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used, to identify States party to the PCTon the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania * - • , ' . 


'ES- 


Spain ' ' ' ' 


V LS" 


AM 


Armenia 


FI 


Finland 


LT 


AT 


Austria , . i .. . . ,. „ . 




.. . France .*? . ",\ • . *. ,. \ ' 


LU , 


AU 


Australia' ' ' 


GA 


Gabon 


LV 


AZ 


Azerbaijan 


GB 


United Kingdom , ; ., , . 
Georgia * v " " ; ' 


MC 


BA 


Bosnia and Herzegovina ? 


; s GE ■ 


" MD 


BB 


Barbados 


GH 


Ghana 


MG 


BE 


Belgium 


GN 


Guinea .*..-< . 


MK 


BF 


Burkina Faso 


GR 


Greece 




BG 


Bulgaria 


HU 


Hungary 


ML 


BJ 


Benin 


IE 


Ireland 


MN 


BR 


Brazil 


IL 


Israel 


MR 


BY 


Belarus 


IS 


Iceland 


MW 


CA 


Canada 


IT 


Italy 


MX 


CF 


Central African Republic 


JP 


Japan : 


NE ' 


CG 


Congo 


KE 


Kenya 


NL 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


PL 


CN 


China 


KR 


Republic of Korea 


PT 


CU 


Cuba 


KZ 


Kazakstan 


RO 


CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


DE 


Germany 


U 


Liechtenstein 


SD 


DEC 


Denmark 


LK 


Sri Lanka 


SE 


EE 


Estonia 


; LR 


Liberia 


SG 



Lesotho '" ' SI " 

Lithuania , SK 
"Luxembourg : \* ■ * ; ' : SN 1 

Latvia SZ 
^Monaco -\ , . r i' ..' • * - ' TD 1 

Republic of Moldova TG 
Madagascar, % , .... - ^ TJ t . 

The former Yugoslav' TM* 

Republic of Macedonia TR 

Mali TT 

Mongolia UA 

Mauritania UG 

Malawi (JS 

Mexico FJZ 

Niger ' ' " VN 

Netherlands YU 

Norway ZW 
New Zealand 
Poland ■ 
Portugal 
Romania 

Russian Federation ' 
Sudan 
Sweden :* 
Singapore 



Slovenia 
Slovakia 
' Senegal 
Swaziland 
Chad : V< 
Togo 

Tajikistan - ? 
Turkmenistan 
Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 00/06780 PCT/US99/17375 

1 

METHODS AND REAGENTS FOR PRESERVING RNA IN CELL AND TISSUE SAMPLES 
BACKGROUND OF THE INVENTION 

The present application is a continuation-in-part of co-pending U.S. Patent 
Application Serial No. 09/127,435 filed July 31, 1998. The entire text of each of the 
above-referenced disclosure is specifically incorporated by reference herein without 
disclaimer. 



1. Field of the Invention 

The present invention relates to the field of molecular biology and provides a 
novel method and reagent for preserving and protecting the ribonucleic acid (RNA) 
content of tissue or cell samples from degradation prior to RNA isolation. 

2. Description of Related Art 

Obtaining high quality, intact RNA is the first and often the most critical step in 
performing many fundamental molecular biology experiments. Intact RNA is required 
for quantitative and qualitative analysis of RNA expression by Northern blot 
hybridization, nuclease protection assays, and RT-PCR._ 

'. 7. ' ' . * 

. There are many published reports which describe methods to isolate, intact RNA 
from f !^ s : h (° r quick frozen) cells or tissues. Most of these techniques utilize a rapid cell 
disruption stepjn which the tissue js dispersed in a powerful protein denaturation solution 
containing a chaotropic agent (e.g., guanidinium or lithium salt). This rapid, disruption, of • 
cell membranes and inactivation of endogenous ribonuclease is critical to prevent the 
RNA from being degraded. 

To' obtain high quality RNA it is. necessary to minimize the activity of RNase 
liberated during cell lysis and to prevent RNA degradation from other sources. This is 
normally accomplished by using isolation methods that disrupt tissues and inactivate or 
inhibit RNases simultaneously.. For specimens low in endogenous ribonuclease. isolation 
protocols commonly use extraction buffers containing detergents to solubilize 
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membrane?, and inhibitors of RNase such as placental ribonuclease inhibitor or vanadyl- 
ribonucleoside complexes. RNA isolation from more challenging samples, such as intact 
tissues or cells high in endogenous ribonuclease, requires a more aggressive approach. In 
these. cases, the tissue or cells are quickly, homogenized in a powerful protein denaturant 
(usually, guanidinium isothiocyanate), to irreversibly inactivate nucleases and solubilize 
cell membranes. If a tissue sample can not be promptly homogenized, it must be rapidly 
frozen by immersion in liquid nitrogen, and stored af-80°C. Samples frozen in this 
manner must never be thawed prior to RNA isolation or the RNA will be rapidly 
degraded by RNase liberated during the cell lysis that occurs during freezing. The tissue 
must be immersed in a pool of liquid nitrogen and ground to a fine powder using mortar 
and pestle. ...Once powdered,: the still-frozen tissue is homogenized in RNA extraction 
buffer. In ; the laboratory, quick freezing of ; samples in order to delay RNA extraction 
carries the penalty of a substantial increase in hands-on processing time. Processing 
multiple samples with liquid nitrogen and mortar and pestle is extremely laborious. 

Quick freezing is even less convenient outside of the laboratory environment, but 
is still considered . a. necessity by those in the field. Scientists in the field collecting 
specimens for analysis dp not have access to a high-speed homogenizer. they ar'e forced 
to carry a supply of liquid nitrogen: or dry ice large enough to store samples until they can 
be transferred to an ultra-low temperature freezer, •Similarly, RN A extracted from human 
biopsy samples is usually partly or mostly degraded because ^'pamologistsdyn^f routinely 
flash freeze .specimens to preserve RNA. •. • :h:A:. ■■••»•:•• l\- y- ; • 



There have been attempts to isolate RNA from archival samples that have riot 
been prepared by the flash-freezing methodology. For example, Esser et al, 1995 claim 
the isolation of full length RNA from cells fixed with 5% acetic acid, 95% ethanol, with 
RNase inhibitors. However, in this paper, isolated' cells in suspension were fixed in 
acetic acid/ethanol solution at -20 °C and then held at 4 °C for a relatively short time. 
Unfortunately, testing by the Inventor has shown that the Esser e/ £//. 95% ethanol/5% 
acetic acid solution does not meet the performance standards required by the present 
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invention. RNA recovered from both tissue samples and spleen cells in suspension kept 
at 4°C for 20 hours appeared partially degraded, while RNA isolated from tissues stored 
at ambient temperature was completely degraded. Experiments reported in Esser 'e/ al. 
show that the method results in loss of RNA, due to leakage from the cells caused' by 
ethanol. Using that method, 70% of the RNA is lost immediately upon fixation, arid 
after 1 hour, 80% of the RNA is gone. Further, in a test where tissue Samples and spleen 
cells were stored in the 95% ethanol/5% acetic acid solution at 25 °C overnight, the 
RNA of both the cell and tissue samples was completely degraded. Data is shown in 
FIG. L. 

The use ,of high purity, intact RNA is fundamental for performing various 
molecular biological, assays and experiments such as Northern blot hybridization, 
nuclease protection assays, RT-PCR and medical diagnosis. The intrinsic Instability of 
RNA and the presence of RNases in samples makes the isolation of intact RNA a "difficult 
procedure. Further, the isolation and assay of RNA-containing samples is typically time 
consuming, and., tedious. .. The. contamination of a molecular biology laboratory with 
RNases due to human error can -have catastrophic -results. Thus, there is ah ongoing heed 
to ..develop., improved^. tecliniques,-..jo . make RNA-isOlation and assay methods -more 
sensitive, more .specific,, faster, easier to use and less susceptible to humart' error and 
handling... It woujd therefore be. advantageous .in many instances, for research facilities to 
use automated RNA preservation, protocol- ! For example, the present invention, could ^ 
combined with rapid RNA assay techniques or integrated nucleic acid diagnostic' devices 
(U, S. Patent 5,726,012, U.S. Patent 5,922,591, incorporated by reference) for efficient, 
automated RNA preservation and analysis. • , , 

U. S. Patent No. 5,256,571 reports a.cell preservative solution comprising a water- 
miscible alcohol in an amount sufficient to fix mammalian cells/an anti-clumping agent 
and a buffering agent. At least one.paper, Dimulescu el al., reports the apparent use of 
this fixative to preserve cervical cancer cells and cord blood lymphocytes prior to RNA 
isolation. 
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A large body of literature suggests that' ethanol and acetone combinations are the 
best known fixatives for future recovery of nucleic acids from archival tissue.- Yet, in 
view, of the studies of the inventors,.such ethanol/acetone mixture does not provide all of 
the desired characteristics of an. RNA preservation medium. The mixtures do not protect 
RNA at ambient temperature, does not allowfor the preservation of RNA in solid, multi- 
cell samples, and are also flammable, which' makes it intrinsically less attractive as a 
general use reagent. • 

Some peripherally related art exists that deals with aspects of preserving or 
recovering RNA from fixed or preserved tissue samples. These reports include numerous 
evaluations of the suitability of histological fixatives to maximize the signal obtained by 
in situ hybridization to detect (not recover) RNA in tissue samples (for example U.S. 
Patent, Nos, 5,196,182 and 5,260,048). Other reports detail methods to recover 
fragmented. RNA from fixed tissues for limited molecular analysis by PCR™ (Koopman 
et al. , Foss et al. , Stanta et al. , Houze et al. ). To recover this fragmented RNA, samples 
are typically treated with proteinase K to degrade the structural components of the tissue, 
then the RNA is extracted with a guanidinium-based sblution. The RNA recovered from 

..fixed tissue is of extremely poor quality,, averaging in size of about 200 bases (Stanta 
19,91). This is, probably due to a number of factors includingthe action of endogenous 

. RNase. and cross-linking of the RNA in the Jntrac'ellular matrix during fixation: Since 
the RNA is, mostly, degraded, it can hot be- used (ox. northern analysis ^r- nuclease 

protection assays. It can be used in RTrPCR, but only : for ampiifidatibn ■ df 'very small 



The use of ammonium sulfate to precipitate proteins out of solution is known, but 
the use of ammonium sulfate to preserve RNA does not, to the Inventor's knowledge, 
appear in the art. Two reports describe the use of ammonium sulfate to investigate the 
folding and activity of mammalian ribonuclease A (Allewell et al. and Lin et al.). 
Allewell et al. investigated the effects of ammonium sulfate on the folding and activity 
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of RNase A. At pH 5.5, the activity of ribonuclease A is suppressed to approximately 
10% of the untreated control level across a broad range 6f ammonium sulfate 
concentration. This suppression of activity was expected by the authors. It appears to be 
due. to a salt-induced denaturation of the protein. Unfortunately," even 10% RNase 
5 activity would- substantially degrade the RNA of a sample over time:' Therefore, this 
inhibition is not sufficient to protect RNA in many applications. When the ammonium 
sulfate is at pH 7,0,. the activity, of RNase A is suppressed at low concentrations as 
expected, but unexpectedly rises to 110% of the level of the untreated control at higher 
concentrations (3M). The authors theorize that the combination of the neutral pH and the 
10 high salt concentration forces a refolding of the protein into an alternate, highly active 
configuration. However, the Allewell et al. group were examining the activity of pure 
. rRNase A in solution, .rather thanjn a cellular sample containing many RNases. 

In view of the above,- there is a need for methods and reagents that allow one to 
15 preserve and recover high . quality, intact RNA. from tissue samples stored at near ambient 
or ambient temperature. ( > •. . 

. . . ' SUMMARY OF. THE INVENTION 

The present invention relates to a novel method' and reagents for preserving the 
20 RNA in tissue fragments at temperatures above the freezing point of the preservatives for 
extended periods of time;- including days to-niOnths, 'prior to RNA isolation. There is no 
prior report disclosing any reageht or method similar to that described in' this application. 
This breakthrough..al|eviates:the necessity of either immediately processing samples to 
extract RNA, or the restriction of only isolating tissue at sites which have a supply of 
25 liquid nitrogen or dry ice. 

The present application relates to compositions of RNA preservation media and 
methods of preserving RNA comprising: (1) obtaining an RNA-containing sample; and 
(2) treating the sample with an RNA preservation medium that infiltrates the sample, and 
30 protects the RNA from nucleases. In a preferred embodiment, the RNA preservation 
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medium brings about the precipitation. the RNA in the sample along with cellular protein 
in the sample. This co-precipitation of the RNA and cellular proteins is believed to 
render the RNA inaccessible to nucleases via physical means, while the action of the 
RNA preservation medium simultaneously inactivates or inhibits the action of the 
nucleases. 

In some preferred embodiments, the RNA preservation medium comprises a salt 
that precipitates the RNA in the sample along with the cellular protein. In more presently 
preferred embodiments, the salt is a sulfate salt, for example, ammonium sulfate, 
ammonium bisulfate, cesium sulfate, cadmium. sulfate, cesium iron (II) sulfate, chromium 
.(III). sulfate, cobalt (II) sulfate, copper (II) sulfate, lithium sulfate, magnesium sulfate, 
manganese sulfate, potassium sulfate, sodium sulfate, or zinc sulfate. In presently 
preferred commercial embodiments, the salt is ammonium sulfate. 

.... ( In RNA preservation media comprising salt,; the 'salt \i typically present in a 
concentration, sufficient to precipitate the. RNA in the sample along with the cellular 
protein. The salt is typically present in a concentration between 20 g/100 ml and the 
saturating concentration of the salt. Specifically, salt concentrations of 10, 15, 20, 25, 
.30, 35, 40, 45, 50, 55, 60, 65, 70, 75 , 80, 85, 90, 95, 100, 110, 120, 130, 140, or 
150 g/100 ml may be used, and the concentration may be a range "defined between any 
two of these concentrations. , .- . ."; t ■■*■'> .;.■■.><"/. : ■><•"'• ">'•"■ 

Of course, during use, some dilution of the salt cohtentra'tioh ma^ "occur due to, 
for example, liquid in the sample. Therefore, these salt concentrations may be higher 
than the final salt concentrations obtained in some uses. Further, it is contemplated that 
amounts of salt above the saturating concentration may be used in regard to the present 
invention. In such embodiments, there may be salt that is not in solution in the RNA 
preservation medium. This should not affect the' RNA preservation abilities of the media. 
In fact, media having more than a saturating concentration of a salt may have some utility 
in applications where the media is added to a liquid sample. In such cases, upon addition 
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to the liquid sample, salt which is not in solution prior to addition, may become soluble 
due to the increase in liquid volume. Thus, the final concentration of a salt can be at a 
level higher than that possible if a preservation medium containing a saturating or less 
than saturating salt concentration were used. 

Preferred salts that have a solubility of greater than 20 g/100 ml are: ammonium 
sulfate, ammonium, bisulfate, ammonium chloride, ammonium acetate, cesium sulfate, 
cadmium sulfate, cesium iron (II) sulfate, chromium (III) sulfate, cobalt (II) 'sulfate, 
copper (II) sulfate, lithium chloride, lithium acetate, lithium sulfate, magnesium sulfate, 
magnesium , chloride, manganese sulfate, \ manganese chloride, potassium chloride, 
potassium sulfate, sodium chloride, sodium acetate, sodium sulfate, zinc chloride, zinc 
. acetate, or zinc sulfate. , . . .'. .. .; • . . . ' - 

In a preferred embodiment, the salt is ammonium chloride at a concentration of 
between 2Q-g/L00 ml and 100 g/100 ml, 30-g/100 ml and 100 g/100 ml, or 30 g/100 ml 
and £0 g/lOp. ml: ,In, a currently . preferred commercial embodiment, the salt is 
ammonium sulfate is in a. concentration of 70 g/100 ml: . . ; 

The present invention . is not limited to the use of ammonium sulfate, and other 
salts or compounds i.will also be useful in protecting. RNA in tissue samples and cell 
samples, for reasons as follows. The solubility of individual proteins depends greatly on 
the pH and salt concentration of the aqueous environment. Virtually all proteins are 
insoluble in pure,water t ,...As the^ionic strength of the medium increases, proteins become 
more soluble. This is. known as "salting in" of proteins; Above some ionic strength^ the 
solubility of protein decreases. The precise conditions at which this occurs is unique for 
each protein/salt combination. . In- fact, at some salt concentrations, one protein may be 
completely insoluble while another is at its solubility maximum. This phenomenon is 
known as sailing put." Some salts have a much more dramatic salting out effect at high 
concentrations than others (e.g., NO,<CI < acetate < S0 4 2 ). This phenomenon is the 
consequence of certain inherited characteristics of the ions (e.g., size, hydration, size, 
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etc.).. The present RNA protection media are believed to function due to the salting out 
effect of high levels of salt. The theory is that the salting out of proteins in the cells of 
the. tissue samples or cell samples is what leads to the formation of RNA-protective 
protein/RJvIA . complexes. The importance of the "salting out" phenomenon to this 
application is, several-fold. First, it highlights that the effectiveness of RNA protection by 
protein precipitation using high concentrations of salt is complex and that certain 
combinations of ionic strength (salt concentration) and pH may make a particular salt 
much more effective in one formulation than at a different pH or concentration. Second, 
it provides a firm scientific foundation for the basic mechanism of action by the reagents 
: in this application, and guides one in the search for additional RNA protective 
compounds within the scope. of the invention. -In order to determine whether another salt 
or putative; RNA protective compound will function in the methods and reagents of the 
invention, one need merely obtain that salt or compound and tek it in the manners 
described, in the examples. By following the teachings of the example^, bne of skill can 
easily elucidate whether a candidate substance is actually an RNA protective Compound. 
Third, based on ,the theory that precipitation of intracellular proteins is the key to 
protecting RNA in situ, this explains why alcohol' and acetone (agents thit also can 
precipitate protein, albeit by a different mechanism) are partially active at protecting 
RNA in tissues, albeitnot as protective as needed for niost applications. 

.;. .In some embodiments, the RNA preservation : medium 'will comprise a 
combination of at least twosalts thdt precipitate the RNA in the sample along with the 
cellular protein: In this manner, it might be that the total concentration ^'dif any given" salt 
will not exceed 20 g/ 100 ml. However, in anticipated preferred embodiments, the 
combination of at least two salts is present in a total ' salt concentration sufficient to 
precipitate the RNA in the sample along* with the cellular protein. In some embodiments, 
the total salt concentration is between 20 g/1 00 ml and lOOg / 1 00 ml. 

The, RNA preservation medium may further comprise ethanol, methanol, acetone, 
trichloroacetic acid, 1-propanol, 2-propanol, polyethylene glycol, or acetic acid. These 
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additional potential components can precipitate proteins in preserved cells and thereby 
protect RNA. However, these additional potential components are not salts. It is 
anticipated that in some embodiments, one will use these organic solvents in combination 
with a concentration of salt to obtain, one of the inventive RNA preservation media 
described herein. For example, it is anticipated that a combination of one or more of 
these organic solvents in conjunction with less than 20 g / 100 ml salt will aecomplish the 
goals of the invention. , 

In some embodiments, the RNA preservation medium fcomprises a salt such as 
ammonium sulfate, ammonium bisulfate, ammonium chloride, ammonium acetate, 
cesium sulfate, cadmium sulfate, cesium iron (II) sulfate, chromium (III) sulfate, cobalt 
. (II) sulfate, copper (II) sulfate, lithium chloride, lithium acetate, lithium- sulfate, 
magnesium sulfate, .magnesium chloride,, manganese sulfate, manganese chloride, 
potassium chloride^ potassium sulfate., sodium chloride, sodium acetate, sodium sulfate, 
zinc chloride, zinc acetate,.zinc sulfate,, methanol, trichloroacetic acid, 1-propanol, 2- 
propanol, polyethylene, glycol, or. acetic acid. Further, the RNA preservation medium 
may comprise a chelator of divalent .cations, for example EDTA: : . - 

Typically, the RNA preservation medium comprises a buffer so that <a constant pH 
can be maintained. For example, the buffer can be sodium citrate, sodium acetate, 
potassium citrate,, or, potassium, acetate. . . .. In-.a presently' preferred commercial 
embodiment, the.. buffer jis sodium acetate... ■ .Typically, the RNA preservation medium has 
a pH of between.4 and ,8 ; . .. In presently preferred commercial embodiments, the pH is 5.2. 

The sample preserved in the RNA preservation media may be any of a number of 
types of samples. For example, the sample, may be a suspension of cells, such as bone 
marrow aspirates, white blood cells, sperm, blood, serum, plasma, bacteria, tissue culture 
cells, or algae. Alternatively, the sample may a solid tissue, for example, the tissue 
sample is. from brain, heart, liver, spleen, thymus, kidney, testis, ovary, tumors, tissue 
biopsies, plant stems, roots, or leaves. In some cases, the sample may comprise an entire 
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organism. For- example, the organism may be a fish, insect, tadpole, coral, or embryo. 
In some protocols, it will be of benefit to hold an organism or sample in the RNA 
preservation medium during dissection. For example, it might be of benefit to dissect an 
organism in the RNA preservation medium when the sample comprises an organism that 
is a pathogen, within a tissue sample or other organism. In this manner, the RNA of the 
pathogen may preserved. , Further, the RNA of the tissue sample or other organism is 
preserved. . . 

In many preferred methods, the practice of the invention will further comprise the 
step of isolating the preserved RNA. One of the advantages of the present RNA 
preservation media, is that the- RNA may • be isolated from the tissue at a higher 
temperature than allowed with previous techniques. For example, the RNA may be 
isolated at a temperature that is greater than -20 °C. In fact, the RNA may be isolated at 
room temperature; . " ■'■ ' 

... • ■ In some cases, the. sample may be stored in the RNA preservation medium prior to 
the isolation of the RNA. For example, the tissue is stored unfrozen at -20 C to 45 ° C. 
Owing to; the salt content of some of the RN A preservation media,' samples are not frozen 
at -20 ; °G. : In preferred embodimenfs'the sample may be stored at greater than 0°C. 



.v . The invention also , contemplates kits' for preserving ! RNA ' within a sample and 
isolating the RNA from the simple 1 comprising: (V) ah RNA preservation medium that 
infiltrates the sample and protects or partitions me RNA from nucie'ases; and (2) a 
reagent for performing an RNA extraction from the sample. In some embodiments, the 
25 reagent for performing an RNA extraction is a reagent for performing RNA extraction 
without organic solvents. Further, the reagent for performing an RNA extraction may be 
a reagent for perforating a guanidinium-based RNA extraction. Alternatively, the 
reagent for performing an RNA extraction is a reagent for performing a lithium chloride- 
based RNA extraction. 
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In other embodiments of the present invention, a method of preserving RNA will 
comprise obtaining an RNA-containing sample, providing a salt and admixing* the sample 
and the salt in a liquid to form an RNA preservation composition that infiltrates the 
sample and protects the RNA from nucleases. In one embodiment, the sample is 
comprised in the liquid prior to admixing the sample with the 'salt.' ' In another 
embodiment, the salt is in a solid form prior to admixing with the sample and the liquid. 
In yet another embodiment, the salt is comprised in the liquid prior to admixing the 
sample with the salt. 

In one embodiment of the invention, the sample is a blood cell and the liquid is 
blood serum. In another embodiment the sample is urine. In other embodiments, the 
liquid is water. In yet other embodiments, the liquid is a buffer. • '* ■ 

In certain embodiments, RNA preservation compositions comprise obtaining an 
RNA-containing sample, providing a salt and admixing the sample and the salt in a 
liquid. The liquid can be a component of the, sample, or added to the sample and salt. 
The salt is typically present ,in a concentration sufficient to precipitate the RNA in the 
sample along with the cellular protein. The>salt is typically added so- as, to result in affinal 
concentration in solution between 20 g/100 ml and the saturating concentration of the 
salt. In some cases, it will be efficient to add a very concentrated salt, a saturated salt or a 
supersaturated salt to. a Jiquid sample. Adding saltrfhat is,likely : to result in a greater than 
saturating concentration of salt in the final liquid sample has the -advantages of quickly 
allowing RNA preserving.concentrations to be reached, and avoiding the need to carefully 
consider the amount of salt needed to reach a specific concentration in a given sample. 
Further, any salt that does not go into solution, will not affect the RNA preserving 
properties of the composition. Specifically, final salt concentrations of 10, 15, 20, 25, 30, 
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 1 10, 120, 130, 140, or 150 g/100 ml 
may be used, and the concentration may be a range defined between any two of these 
concentrations. In some cases, a liquid containing more than a saturating concentration 
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of salt may be employed with the expectation that additional volume of liquid in the 
sample will result in dissolution of salt concentration. 

In preferred embodiments, the salt is a sulfate salt, wherein the salt is ammonium 
sulfate. The ammonium sulfate is present in solution 'at a final concentration of between 
20 g/100 mL and the saturating concentration of the salt. In preferred embodiments, the 
salt is present in solution at a final concentration of between 30 g/100 mL and 80 g/100 
mL. In other embodiments, the RNA preservation composition comprises at least two 
salts, wherein the total salt concentration is present in solution at a final concentration of 
between 20 g/100 mL and 100 g/100 mL. In another embodiment, the RNA preservation 
composition comprises a chelator of divalent cations. In still other embodiments, the 
RNA preservation composition comprises a buffer, wherein said buffer has a pH between 
4 and 8. . ......... • .. , <.■■■/■ 

r The solid components of the present invention (e.g., salts, buffers, and shelters), 
can be prepared to yield the desired final component concentrations in solution when 
added to an aqueous sample. The solid components can further be provided as powders, 
tablets, pills or other suitable formulations:that provide the desired prbpertie : s of an RNA 
preseryation composition. Solid components can be directly added to a 'sample, added to 
a sample/liquid mixture, or. present in acollectibn vessel prior to collection of a sample or 
.sample/liquid mixture. The addition, of iexcipients' and bulking agents such as mannitbl, 
lactose, starch, , cellulose, and the, like, to provide" desired solid- dHarctersitics (/.'e., 
improved solubility, storage stability, particle dispersion)' are also ^considered * m the 
formulation of powders, tablets and pills. The solid components of the present invention 
can be added prior to sample collection, after sample col lection Or any combination 
thereof. ... 

In one embodiment of the invention, . pre-measured aliquots of a solid or liquid 
RNA preservation composition can be . loaded into sample collection vessels, and an 
appropriate volume of a RNA-containing sample added. The collection vessel would 
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then be agitated, dissolving any solid components of the RNA preservation composition, 
minimizing operator exposure to an RNA sample. For' example, a' solid RNA 
preservation composition could be any of the salts previously described. Thus, in 
particular embodiments of the invention, stabilizing RNA in a biological specimen such 
as blood or urine as described above is contemplated. 

In. one example, a vial for collecting specimen such as urine or blood 'could be 
supplied with pre-measured aliquots of a RNA preservation composition. Immediately 
following collection of said specimen, the vial could be agitated, admixing' the RNA- 
containing specimen, (i.e., sample) with the RNA preservation composition. A blood 
collecting vacuum-vial comprising an outwardly projecting needle is contemplated for us 
in the present invention (U.S. Patent 5,09.0,420, . specifically incorporated herein by 
reference in its entirety) for rapid collection and mixing of RNA-containing samples; In 
one embodiment, automated RNA preservation is contemplated. Automated RNA 
preservation methods would be less tedious, faster, easier to use and less susceptible to 
human error and handling.- : - : - , ,» , "< * 

A'so, contemplated . for use . with pre-measured aliquots of a RNA preservation 
composition of the ^present invention are clinical specimen collection kits 'adapted" for 
shipment by ^aiL(LI ; S. Patent 5,92.1,396,: specifically incorporated herein by reference in 
its entirely). .RNA-containing samples couldibe collected (e.g., away from a labbratory 
facility) and mixed i: with i pre r mea?ured; aliquots* of. a '.RNA 1 preservation 'composition 
provided in : the,^ for -shipment to a suitable RNA analysis site. ' 

Alternatively, a RNA preservation composition can be pressed into a tablet or pill 
and stored in bulk. Tablets would be a convenient composition for storage and could be 
added in the correct quantity to a sample of any size in any container type. Thus, in other 
embodiments of the present invention,. RNA preservation components in the form of 
tablets or. pills are contemplated for field collection of samples from such sources as 
water reservoirs,, sewage plants or the. dairy industry. In certain instances, RNA 
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. preservation media comprising predetermined final salt concentrations or supersaturated 
salts could be supplied as packets.. The RNA preservation salt or supersaturated salt 
packets would , be especially useful in field studies, as there may be limited space or 
resources for. analytical equipment. For example, packets could be supplied, as pre- 
measured and packaged as aliquots for a 1 mL, 5 m'L,I0 mL, sample. Of course, any 
size packet, to accommodate a variety of salt quantities could be provided as either an 
anhydrous powder, hydrous powder, or a powder and liquid packaged individually or 
any combination thereof. Thus, to preserve RNA in a sample, one would simply add the 
packet contents to a sample and mix. 

. Certain advantages of using a solid component RNA preservation composition 
, would be weight savings , in storage and transport, spills' of solid components are less 
likely and reduced volume savings (i.e.. preserving samples with dry reagents would 
minimize the final volume of the sample). - •.'.'•>• 

In other embodiments of the invention, RNA preservation compositions further 
comprise isolating the preserved RNA, wherein the RNA is.isolated at a temperature that 
is greater than -20°C. In other embodiments, the sample is scored prior to the isolation of 
the RNA, . wherein. the sample is stored aXtemperatures greater than^^C. "*■ . 



In particular embodiments,, a. : .com^sWon. i ,oC;.|na]tteir- comprising, an" RNA- 
containing sample, a liquid, and a. salt in, a concentration sufficient to 'protect; the RNA 
from nucleases. In preferred embodiments, the salt, is a sulfate.salt„wherein;thev S ulfate 
salt is ammonium sulfate. In other embodiments, the .composition comprises a 
combination of at least two salts. In another embodiment, the composition comprises a 
buffer, having a pH between 4 and 8. In yet another embodiment, the composition 
comprises a chelator of divalent cations. 



The inventor s research indicates that 3M ammonium sulfate at pH 7.0 is quite 
effective at preserving intact RNA in intact tissue samples at all but extreme temperatures 
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(37°C-42°C). It is proposed that upon application to the sample, the ammonium sulfate 
diffuses into the tissue and cells and causes cellular proteins to precipitate (probably 
along with RNA which is intimately, associated with many different proteins iri vivo) in 
protected complexes. In addition, RNase, which is localized in cytoplasmic vesicles, 
5 may also be precipitated and rendered inaccessible to ceilular RNA. * 1 

It is believed that the mode of action of the claimed invention and' the mode of 
action of the Allewell etal mixture are different. If the mode of action of the 
inventive solutions were the same as seen by Allewell et al one would expect the RNA 
isolated from tissues stored in the inventive buffers to be degraded. Allewell et al 
reports that at.pH 5 RNase is more active.than normal. Thus, if KNAlater™ acted by the 
same mechanjsm, one would expect a boosting of the activity of RNase. Obviously, this 
would limit the ability of the RNA preservation media to preserve RNA. Based on the 
observation that such degradation does not occur, the present invention functions by a 
15 different mechanism than that described by Allewell et al 

- ' The' term "RNA7cr/er™" is a trademark of Ambion, Inc., for certain commercial 
formulations of the RNA preservation media disclosed herein. In general, the term 
"RNA/ff/er™" is employed to denote the fdrmulation disclosed in Exampie 2, which is 
20 composed of 25 mM Sodium Citrate, 10 mM EDTA, 70 g ammonium sulfate/100 ml 
solution, pH 5:2/ v> This reagent 'functions by rapidly infiltrating cells with a high 
concentration of* ammonium' sulfate, causing a ihass precipitation of cellular proteins. 
Importantly,' . cellular ^ Structure rerriairis intact. ' The advantage of this is that ceils can be 
preserved and still identified histologically. 



25 



Following long-standing patent law, the words "a" and "an," when used in 
conjunction with the word "comprising" in the claims or specification, denotes one or 
more. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

• The following drawings form part of the present specification and are included to 
further demonstrate certain aspects of the present invention. The invention may be 
better understood by reference to one or more of these drawings in combination with the 
detailed description of specific embodiments presented herein. 

FIG. 1 - Alcohol and acetone are unsuitable for preserving cellular samples. 

Panel A at 4°C (lanes l-5:ethanol, acetic ethanol, acetone, acetic acetone, 
RNA/a/er™). Panel B shows identical lanes at 37°C. RNA isolated from mouse liver 
stored overnight at 4°C (lanes 1-5) or 37°C (lanes 6-10), Lanes 1 and 6, storage in 
ethanol. Lanes 2 and 7, storage in acidified ethanol pH 4.0. Lanes 3. and 8, storage in 
acetone. Lanes 4 and 9, storage in acidified acetone pH 4-0, Lanes 5 and 1Q, storage in 
RNA/a/er™. 

FIG. 2 -- RNA in fresh tissue samples is labile. 

Fresh mouse liver (lanes 1 and 2), testis (lanes 3 and 4), and spleen (lanes.5 and 6) 
samples were placed either in KNAJater™ (lanes 2,4, and 6) (25 mM Sodium Citrate, 10 
20 mM EDTA, 70 gm Ammonium Sulfate/100 ml solution, pH 5:0) or' -in- a 4 molar 
guanidinium isothiocyanate (GITC) based RNA extraction solution. (lanes and 5) at 
4°C for 12 hours. RNA was extracted and analyzed by gel .electrophoresis. . Intact RNA is 
observed only in lanes corresponding to tissues preserved in RNA/a/er™ . (lanes 2, 4, and 

6). "• • ' ■ "■ 

FIG. 3 - Defining the effective concentration range of Ammonium Sulfate that 
protects RNA in tissue. 
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Fragments of freshly isolated mouse liver was placed in RNA/a/er™ with var j ous 
30 amounts of Ammonium Sulfate. Samples contained 0, 10%, 20%, 30%, 40%, 50%, or 
70% Ammonium Sulfate (lanes 1-7 respectively). After incubation at 4°C. for 24 hours, 
RNA was extracted from the sample and analyzed, by denaturing agarose gel 
electrophoresis. 
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FIG. 4 - Enhancing the potency of RNA/ater™ at extreme temperatures by 
optimizing both pH and Ammonium Sulfate concentrations. 

The effects of pH and Ammonium Sulfate at extreme temperatures .was assessed. 
Fresh mouse liver was stored at room, temperature or 37°C for 24 hours in 4 formulations 
of KNAlater™ solution. Lane 1: pH 7,0, 70 g/lOOml Ammonium Sulfate, Lane 2: pH 
5.0, 55g/100 ml Ammonium Sulfate, Lane 3: The original RNA/a/er™ . formulation 
(which contained 55 g/100 ml Ammonium Sulfate at pH 7.0), Lane 4:pH 5.0 and 70g/100 
ml Ammonium Sulfate concentration 

FIG. 5 The specificity of Ammonium Sulfate on the effectiveness of RNA/a/er™. 

Panel A and B: Fresh liver samples were incubated in 5 buffers for 3 days at 25°C 
(panel A) and 37°C (panel B), lane I; KNAlater™ with ammonium carbonate, lane 2 ; 
with ammonium chloride, lane 3; with potassium sulfate, lane 4; with magnesium sulfate 
lane 5; Ammonium Sulfate. Panel C: : Fresh liver incubated, overnight at 4°C in 
KNAlater™ containing: lane 1, Cesium Chloride; lane 2, Cesium Sulfate; lane 3, 
Ammonium Sulfate. 

FIG. 6 - RNA isolated from mammalian tissues stored at 4°C ih'RNA/fl/er™ 

Fresh mouse brain, heart, kidney, liver, and spleen (lanes 1-5) were placed in 
RNA/a/ef™ -solution and stored at 4°C. After' incubation of one week (panel A), 2 weeks 
(panel B), and 4 Weeks (panel !^X* was extracted from the tissue samples and 
analyzed by denaturing agarose gel electrophoresis. 

FIG. 7 - RNA isolated from mammalian tissues stored at ambient temperature 
(25°C) in RNAtaier™. 

Fresh mouse brain, heart, kidney, liver, and spleen (lanes 1-5) were placed in 
RNAlater™ solution and stored at 25°C (ambient temperature). After incubation of two 
weeks (panel A) or 4 weeks (Panel B), RNA was extracted from the tissue samples and 
analyzed by denaturing agarose gel electrophoresis. 
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FIG. 8 - RNA isolated from mammalian tissue stored at extreme temperatures 
(37°C) in RNA/a/er™. 

Fresh mouse liver, kidney, and spleen (lanes 1-3) were placed in RNA/a/er™ 
solution and stored at 37°C. After incubation for three days,- RNA was extracted from the 
tissue samples, and analyzed by denaturing agarose gel electrophoresis 

FIG. 9 - Using the Ambion to make RNA from tissues preserved in RNA/ater™. 

Lanes 1-3 are liver, heart, and kidney, ToTally RNA™, lanes 4-6 are 
RN Aqueous™. Fresh mouse liver (lanes 1 and 4), heart : (lanes 2 and 5), and kidney 
(lanes 3 and 6) samples were placed in RNA/a/er™ and stored.overnight at 4°C. RNA 
was isolated from size matched samples using either the Ambion ToTally RNA™ kit 
15 (lanes 1-3) or the Ambion RN Aqueous™ kit (lanes 4-6). Lane 1 - molecular weight 
marker. 

DESCRIPTI ON OF ILLUSTRATIVE EMBODIMENTS 

The present invention relates to the field of molecular biology and provides novel 
20 methods and reagents for preserving and protecting the ribonucleic acid (RNA) content of 
RNA-containing samples from degradation prior to RNA isolation. Strikingly, this is 
accomplished without ultra-low temperature storage, or disruption of the samples. For 
example, isolated human biopsy, tissue can be. placed in a RNA preservation medium and 
stored.refrigerated for an. extended periqd of time, until the researcher has time to extract 
25 RNA for analysis., .... >' 7 ,y. : 

The following examples illustrate the utility of. the present -invention. All 
examples make use of fresh animal or plant tissues, living cells in suspension or other 
samples containing RNA. The methods and compositions are applicable for the 
30 preservation of RNA from a broad range of bacterial, plant, andanimal species, including 
humans. RNA samples recovered in. these, experiments, were analyzed by 
formaldehyde/agarose gel electrophoresis, staining with ethidium bromide, and 
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illumination with 300 nm ultraviolet light, as described in Molecular Cloning, A 
Laboratory Manual. (Maniatis, el al.). 

The examples are included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be made in the specific 
embodiments , which are Misclosed and still obtain a like or similar result without 
departing from the spirit and scope'of the' invention: 

Example 1 

Criteria for Analysis of RNA to Determine if it is "Intact" 

The Inventor routinely performs assays on RNA designed to assess the intactness 
of such samples, this criterion was'us'ed in'the examples'that follow to objectively gauge 
the. quality of the.RNA recovered from tissues preserved in RNAlaieM, other inventive 
"RNA presentation mediator other solutions. 1 ' • • * - ' x ' " 5 " ' ! " 

RNA. is analyzed by electrophoresis on formaldehyde agarose gel using the basic 
protocol described vim "Molecular Cloning, 'a "Laboratory Manual" 1 (Maniaiis! ' Fritsch, 
Sambrookv eds.^Cold' Spring Harbdr' Press). In order 'to 1 visualize the RNA in the gel, 
the intercalating dye Ethidium Bromide is added to the samples. Ethidium Bromide, 
when intercalated into nucleic acid, fluoresces under ultraviolet light, permitting 
visualization of the nucleic acid. Intact RNA appears as a broad smear of heterogeneous 
mRNA (from 0.5 kilobase up to -10 kilobase) 1 , with two very prominent, discrete bands, 
(28S and 18S ribosomal RNA), superimposed on the background smear in a 2:1 ratio. 
There should be very little evidence of discrete bands intermediate in size between 18S 
and 28S RNA- Partially degraded RNA is characterized by a loss of high molecular 
heterogeneous RNA, multiple smaller ribbsomal RNA cleavage products, and a deviation 
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from the 2:1 ratio of 28S to 18S (28S* is more sensitive to degradation). Severely 
degraded RNA will have 28S:18S ratios less than 1:1, arid exhibit a smear of degraded 
ribosomal RNA from -2 kilobase down to <0.1 kilobase. 

C: "Partially degraded," as used in this specification means that the ratio of 28S: 1 8S 
rRNA is aberrant and may be as low as 1:1, but the rRNA bands are still distinct. 

. "Mostly degraded," as used in this specification means that the ratio of 28S: 1 8S is 
below 1:1. 28S.may be barely visible, but there is still nUcleic acid in a smear' extending 
from the, approximate position of 28S rRNA down. 

: . "Completely degraded," and "degraded," as used in this specification means that 
the only RNA present is in a low molecular weight smear below the normal position of 
18S rRNA • : - : , : .. ■ , :■ ' '■■ 

■ . .. '. Example 2 •" 

r preparation of an Exe mplary RNA/qfer™ RNA Pi4servatmn Medium 

>. The description in this example provides one manner in which RNAlaier™ can be 
prepared,, . First, one should prepare or obtain the following stock solutions' and reagents: 
°;5 M EDTA disodium, dihydrate( 18.61 g/100 ml, pH to 8:0 With NaOH wnile stirring); 
1M Sodium Citrate trisodium salt,: di hydrate (29.4 g/100 mir stif te dissblve)^ Ammonium 
Sulfate, powdered; Sterile water. 



In a beaker, combine .40. nil -0.5 M EDTA, 25 ml 1M Sbdiu'm Citrate,' 700 gm 
Ammonium Sulfate and 935 ml of sterile distilled water, stir on a hot plate stirrer on low 
heat until the Ammonium Sulfate is completely dissolved. Allow to cool, adjust the pH 
of the solution to pH5.2 using 1M H,S0 4 . Transfer to a screw top bottle and store either 
at room temperature or refrigerated. ► '■ 
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Example 3 

Exemplary General Manner of Preserving 
Tissue in RNA Preservation Media 

Tissue samples to be stored in RNAlater™ or other inventive RNA preservation 
media should be excised from the source as quickly as possible and placed in RNAlater™ 
or other inventive, RNA preservation media. Some tissue samples may have a protective 
membrane or other barrier that would impede the rapid infusion of RNAlater™ or other 
inventive RNA preservation media, such as a waxy coating on a leaf or the capsule of a 
kidney or testis. These protective barriers should be disrupted to allow rapid infiltration 
of the RNAlater™ or other inventive RNA preservation media into the sample. In 
addition, large samples should be dissected into smaller fragments to maximize diffusion. 
As a general guideline, sample, thickness, would be limited to 0.5 cM in at least two 
dimensions. Samples that consist of cells in suspension should be concentrated •into a 
small volume by gentle centrifugation at a g-force sufficient to pellet the cells without 
damage, resuspended in a minimal volume of the removed supernatant, then mixed with 5 
volumes of RNAlater™ or other inventive . RNA preservation media (v/v). If 
concentration, is np^ possible, the cell suspension should be diluted in .1.0 volumes of 
RNAlater™ or other, inventive .RNA preservation media. . Altematively^any other 
volume of li quid, _ essential media or amount of a solid RNA preservation composition 
which results in the preservation of . RNA scan be. used. .Since the buffer will not disrupt 
the cells, concentration. by centrifugation can be performed later. ' • ' :i • • 

■ • '■ /• ' ■•; '-r- ■ 

Samples that are to be stored for I week or less may be stored at ambient 
temperature .(25°C), For extended stability, samples should be stored refrigerated. For 
permanent archival storage (months - years), samples may be stored in a standard freezer 
(-20°C). To isolate RNA from treated samples, tissue samples should be transferred 
directly into tissue extraction buffer. Cells in suspension must be pelleted by 
centrifugation, then resuspended in RNA extraction buffer and processed. 
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Example 4 
RNA in fresh tissue samples is labile 

. Fresh. mouse- liver, testis, and spleen samples (-0.5 cm 3 ) were placed either in 
RNA/ater™ or j n a 4 mo i ar g Ua nidinium isothiocyanate (GITC) based RNA extraction 
5 solution, or water at 4°C for 12 hours. This guanidinium solution is a typical RNA 
extraction .buffer (and found in Ambioti's commercially available ToTally RNA™ and 
RNAqueous™ kits). GITC is a powerful chaotropic agent used either alone or in 
conjunction with other reagents in virtually all RNA isolation protocols. After an 
overnight incubation, RNA was extracted from the tissue samples and analyzed by 
10 denaturing agarose gel electrophoresis. Intact RNA was observed only in lanes 
corresponding to tissues preserved in RNA/o/er™. RNA extracted from samples stored 
in GITC was badly degraded. Thus, GITC does not preserve the RNA in intact tissue 
samples. Animal tissues stored in water or biological buffers such as normal saline yield 
no measurable RNA after an identical overnight incubation. Data is shown in FIG. 2. 

15 

Example 5 

Determining the effective concentration of 
Ammoniu m Sulfate that protects RNA in tissue ' '" ' 

.... .Freshly isolated mouse liver was i placed' m" a variety of putative RNA preservation 
20 media ,with various concentrations of ammonium' sulfate. 'Samples' contained 0, 10%, 
2p%, .;3 1 0%, .40%, 50 o /o, or 70% Ammonium' Sulfate.' Xfe 'Wcubation at 4°C for 24 
hours, .RNA was extracted from the sample and analyzed' by denaturing agarose gel 
electrophoresis.' • r ' ~ •■ .< ,r ''V- 1 - ■•''''•'' v -'" <■'■ : - - 

25 In the sample with no ammonium sulfate; all that is observed is a low molecular 

weight smear. No specific banding of ribosomal RNA can be observed. At 10% 
ammonium sulfate, slight evidence of rRNA bands can be observed. At 20% 
ammonium sulfate, the 18S band is more obvious, and there is more of a smear of 
degraded 28S rRNA extending down from the anticipated position of 28S rRNA. No 

30 specific 28S band is observed. At 30% ammonium sulfate, both 28S and 18S rRNA 
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bands are visible, however there is extensive degradation (based on the aberrant ratio of 
28S:18S, and numerous smaller bands observed. The sample with 40% ammonium 
sulfate appears mostly intact, and the yield is 10 fold higher than at 30%. While these 
experiments suggest a minimum requirement for 30-40% 'ammonium sulfate for 
protection of tissue RNA, the effective concentration will depend on the type of tissue, 
the size of the tissue fragment, the storage temperature, and the period of storage. , 

Under more stringent incubation conditions, a higher concentration of ammonium 
sulfate is necessary for preservation of the RNA. For example, 55g 7100 ml is required 
for protection of RNA in tissue samples at 25°C and, as described in Example 6 70g/100 
ml appears required for maximal protection of RNA in tissue samples at 37°C: ■ Further, 
if samples are stored in 55g or less ammonium sulfate at 37 degrees for 24 hours, at least 
some studies yield partially degraded RNA as judged by a 1:1 ratio of 28S:18S rRNA. 
Data is shown in FIG. 3. 



Example 6 

Enhancing the potency of RNA preservation media at extreme temperatures 
by optimizing both p H and Ammonium Sulfate concentrations 

The effect of pH and ammonium ; sulfate ,at extreme temperatures was -assessed. 
Fresh mouse liver was placed in 4 formulations of test RNA preservation media solution 
and stored at room temperature, or.37fC, for 24 ,hpurs. . .RNA was extracted from the 
tissue samples and analyzed . by denaturing agarose gel electrophoresis. .The formulation 
which contained 55g/100ml ammonium sulfate at pH 7.0 was effective at ambient 
temperature, but did not fully protect the RNA at 37°C. A combination of low pH (5.0) 
and a higher ammonium sulfate concentration (70 g/100 ml) was much more effective at 
high temperatures than the original formulation and .yielded intact RNA after 3 days at 
37°C. Neither modification alone (low pH or higher ammonium sulfate concentration) 
appreciably, enhanced the stability of the RNA above that provided by the original 
formulation. Data is shown in FIG. 4.. . 
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Example 7 

The specificity of Ammonium Sulfate on 
. , the effectiv eness of RNA preservation media 

Four , additional formulations of test RNA preservation media were produced. 
The, ammonium sulfate was replaced with saturating amounts of ammonium carbonate, 
ammonium chloride, potassium sulfate, or magnesium sulfate. Fresh liver samples were 
incubated in these buffers for 3 days at 25°C and 37°C. RNA was extracted and 
analyzed by denaturing agarose gel electrophoresis. Only the ammonium sulfate control 
prevented the RNA ftWbeing degraded. Maximum protection appears to require high 
concentrations of both ammonium and sulfate ions. Ammonium sulfate is probably the 
most effective of the salts tested because it is far more soluble in water than these other 
salts, enabling formulations with very high salt content. This hypothesis was 
challenged by evaluating two esoteric (and more expensive) salts; cesium sulfate (which 
is quite soluble - saturation at 362g/i'00 ml)' and cesium chloride (70g/100 ml). These 
salts were substituted (in equal mass) for the ammonium sulfate in the solution described 
in Example 2 and processed liver samples as above. Cesium sulfate and cesium chloride 
offe'retf partial protection to the liver RNA at V°C. ' Taken together, the data suggest that 
of ' the -salts tested, ammonium 1 sulfate 'has superior ability to protect RNA from 
degradation in intact tissues! However, the partial' protection" the inventors see with high 
concentrations of other salt suggests a shared mechanisnV of action! with varying degrees 
■ofefficacy. Data is shown in FIG. 5 • ; " - ' ' 
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Example 8 

RNA isolate d from mammalian tissues stored at 4°C in RNA/afer™ 

Fresh mouse brain, heart, kidney, liver, and spleen samples were placed in 
RNA/a/er™ solution, prepared as taught in Example 2, and stored at 4°C. After 
incubation of one week, 2 weeks, and 4 weeks,. RNA was extracted from the tissue 
samples and analyzed by denaturing agarose gel. electrophoresis. All. the RNA samples 
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were intact. Fresh mouse brain, kidney, liver, and spleen samples were placed in 10 
volumes of RNA/o/er™ and stored at 4°C. After one week, two week, and four week 
incubations, equivalent weight fragments of tissue were removed and processed. Each 
tissue sample was placed in, a guanidinium isothiocyanate lysis solution, homogenized, 
and isolated using the Ambion RNAqueous™ kit. (as described in Example 20). The 
concentration of the RNA was determined by measuring the absorbence at O.D, 760 . The 
RNA was analyzed by formaldehyde-agarose gel electrophoresis, as described-in Example 



All RNA samples were judged , "intact" based on clean, sharp ribosomal RNA 
bands in a 2: i ratio of 28S: 1 8S. In addition, .overall quality was judged by a .visible 
background smear of heterogeneous RNA and a lack of visible breakdown products from 
ribosomal RNA. Data is shown in FIG. 6 . . v 

Example 9. v . 

RNA isolated from mammalian tissues stored . 
at ambient te mperature (25°C) in RNA/ater™ 

Fresh mouse brain, heart, kidney, liver, and spleen samples were.. placed- in 
RNA/a/er TM solution and stored at 25°C (ambient temperature). After incubation for 
two or four weeks, RNA was extracted from. the tissue samples. and analyzed by 
denaturing agarose gel electrophoresis as described above.. The, RNA recovered, after 
two weeks was intact. RNA recovered after a one month incubation was still ~ 50% 
intact as judged by the appearance of the I8S and 28S ribosomal RNA bands. Data is 
shown in FIG. 7 



Example 10 

RNA isolated from mammalian tissue stored 
. at extreme temperatures (37 0 O in RNA/ater™ 

Fresh mouse liver, kidney, and spleen samples were placed in RNA/a/er™ 
solution and stored at 37°C. - After incubation for three days, RNA was extracted from 
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the tissue samples and analyzed by denaturing agarose gel electrophoresis, as described 
above.. The, RN A isolated was intact. The RNA isolated from tissues incubated one 
week - 10 days is partially degraded (-50% intact). This RNA is still a suitable 
substrate for Nuclease Protection Assays or RT-PCR (Reverse Transcriptase-Polymerase 
Chain Reaction) both of which procedures are known to those of skill in the art. Data is 
shown in FIG. 8. 

Example 11 

RNA isolated from amphibian, fish, insect, bacteria, 
and niant tissue stored at 4°C in RNA/afer™ 

The Inventor tested the effectiveness of KNAIater™ to preserve the RNA in 
Xenopus heart and liver, goldfishliver, whole beetle, whole Drosophila, E. Coli, tobacco, 
and alfalfa. Each were placed in KNAIater™ solution and stored at 4°C After 
incubation, for 24 hours, RNA was extracted from the "samples and analyzed by 
denaturing agarose gel electrophoresis as described in Example I . All RNAs appeared 
intact. This demonstrates the effectiveness of KNAldter™ as a general reagent useful 
for tissues from diverse organisms. '••••«•* '• ' 

Example 12 

' Demonstration of the suitability of RNA/ater™ RNA 

as target in Northern h ybridization analy st ' * ; , 

u. ; , Fresh mouse, liver, kidney, and spleen 'skmples," Were incubated 1 in hiAIa'ter™, 
for 24 hours at 25°C or 37° C : RNA was Extracted, resolved by denaturing agarose gel 
electrophoresis, transferred to a positively charged nylon membrane (Brightstar Plus™, 
Ambion, Austin, Texas), and hybridized with a radiolabeled antisense 0 Actin RNA 
probe according to manufacturers recommendations (Northern Max™ Kit, Ambion, 
Austin, Texas). The discrete signal corresponding to the 1 .8 kilobase p Actin transcript 
detected in all samples indicate that the messenger RNA in all samples was completely 
intact and available for hybridization by northern analysis. : , . ■ 
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Example 13 

The suitability of RNA/a/g /™ RNA as template for RT-PCR analy sis 
RNA prepared from mouse liver, spleen, kidney, and testis stored in RNA/a/er™ 
for 24 hours at 37°C was used as template for RT-PCR with two pairs of PCR™ primers 
for constituitively expressed genes (the housekeeping genes cyclophilin and RIG/SI 5) in 
a multiplex RT-PCR amplification. The expected products (216bp cyclophilin, 324bp 
RIG/S 1 5) were obtained in all cases. Thus, the recovered RNA is suitable for RT-PCR 
analysis. 

Example 14 

Use of RNA Preservatio n Media to Protect Clinical Samples 

There is an increasing trend towards genetic analysis of human clinical samples 
by RT-PCR. These clinical samples include solid tumors, isolated cells, serum, urine, 
blood, or feces. Biopsies of solid tumors are frequently analyzed for the expression of 
specific indicator genes "like p53, whose aberrant expression plays a pivotal role-in a 
number of cancers. White blood cells isolated from normal or leukemic blood.' are 
frequently analyzed for expression of interleukin genes. Urine, blood, serum, plasma, 
and feces are frequently analyzed for the . presence of pathogenic organisms. In an 
anticipated use, RN A/o/er™ or other inventive RNA preservation media can be used as a 
holding buffer for patient specimens' isolated . in a clinical setting. The RNA in these 
samples would then be protected until_the..s^ples could be ; transferred to a laboratory 
setting where intact RNA would be extracted for analysis.. In an anticipated use 
KNAJater™ or other inventive RNA preservation media can be used to stabilize normally 
unstable viral RNA (such as HIV) in blood products for subsequent diagnosis. 

Example 15 

Use of RNA Preservatio n Media to Preserve Field Specimens 

Field biologists throughout the world face the common problem of how to 
preserve samples collected in the field for later analysis in the laboratory. Often 
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research, into RNA expression is simply avoided due to the logistical difficulties involved 
in maintaining specimens frozen in dry ice or liquid nitrogen. "' In an anticipated use, 
KNAlater TM . or other inventive RN A preservation media may be used as a holding buffer 
for specimens isolated in the field by scientists who need to preserve samples until a later 
return to. the . laboratory environment. An important benefit of KNAlater™ or other 
inventive RNA preservation media is that small specimens (such as microorganisms) 
remain intact. Thus, complex specimens such as a population of microorganisms 
isolated from water samples can be preserved eh masse;' sorted by classification in the 
laboratory, then analyzed for gene expression. 

Example 16 

Use of RNA Preservation Media as a Dissection Medium 

Biologists must frequently perform a complicated dissection in order to isolate a 
specimen for RNA analysis. Often the time delay means that RNA isolated from the 
sample will be of poor quality. Developmental biologists studying early mouse 
embryonic development must perform meticulous dissections to isolate early embryos 
from, the decidua of the uterus. In another example, 7 neuroanatomistTmust perform 
complicated dissections to remove a specific part of a brain for RNA analysis! In an 
anticipated use, RN A/oter™ of other inventive RNA preservation media would be a very 
effective dissection medium. " Immersing a sample in RNA/io^r™ or other inventive 
RNA preservation media wiir protect' the'RNA' during " dissectionr while preserving 
sample integrity (other reagents, such as guanidiniiim would cause extensive cellular lysis 
and ' compromise the dissection) . Using RNA/a'^r™ or other inventive RNA 
preservation media would facilitate a lengthy dissection of a sample without the fear that 
RNA in the sample will be degraded. ' ' '"' 

Example 17 

Use of RNA Preservation Media to P reserve Samp l es for Pathogenic TWiny 

Nucleic acid analysis to detect and classify pathogenic organisms is a fast growing 
technology. In an anticipated use. RNA/ater™ or other inventive RNA preservation 
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media may be used as a holding buffer for specimens collected by health inspectors in the 
field. Placing samples in KNAlater™ pr other inventive RNA. preservation. media 
would preserve the RNA in the samples. . The samples could then be analyzed using 
nucleic acid technology for the presence of pathogenic organisms..; • For example,, a 
USDA inspector could collect samples of meat from a. slaughterhouse and place them in 
KNAlater™ or other inventive RNA preservation, media. . The RNA in pathogenic 
organisms present on the surface of the sample would be preserved intact. The meat can 
later be removed from the sample, the pathogens recovered from the KNAlater™ or other 
inventive RNA preservation media, and the RNA isolated for analysis. One important 
feature of KNAlater™ or other inventive RNA preservation media is that it is 
bactericidal, but does not lyse cells. .Therefore, the titer of pathogenic organisms will 
not change during storage of samples and. skew apparent numbers, ,and samples can also 
be analyzed microscopically for additional information. , ... ... t ... 

Example 18 ....... 

Use of RN A Preservation Media to Preserve Pathogens .; 

Thousands of specimens each year are stored and shipped on dry. ice to central 
laboratories that perform RNA analysis to detect pathogens. , ?> In an anticipated use, 
KNAlater™ or other inventive RNA preservation media may be used as. a shipping 
buffer, preserving RNA in infectious, disease causing organisms. , KNAlater™ or other 
inventive RNA preservation, media will .permit samples to be shipped at ambient- or near- 
ambient temperatures wimout fear of RNA. ^degradation. . An organization that would 
benefit both by the extra degree .of protection KNAlater™ or other inventive RNA 
preservation media would afford, plus realize a significant savings in shipping costs is 
The Centers For Disease Control (CDC), who receive many human and animal samples 
for pathogenic testing. 
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Example 19 

Use of RNA Preservation Media in FACS Sorting 

Fluorescent Activated Cell Sorting (FACS) is a method with which cells in 
suspension can beseparated based on differences in cell surface markers. We anticipate 
the use of RNAW™ or other inventive RNA preservation media as a suspension 
solution for cells to be run through a FACS machine. In this way, the RNA in the cells 
would be preserved. Once the cells are sorted, intact RNA can be isolated for analysis. 

Example 20 

Use of RNA Preservation Media to Preserve Soil Bacteria 

With the advent of RT-PCR methodology to identify bacterial species, there is a 
growing need for methods to isolate soil bacteria away from soil for subsequent RNA 
isolation. However, RNA in bacteria is extremely labile and is rapidly degraded during 
the isolation protocol. An anticipated use of RNA/ater™ or other inventive RNA 
preservation media is as a first step in RNA isolation from soil bacteria. Soil can be 
dispersed in RNAArter™ or other inventive RNA preservation media, instantly protecting 
the RNA within bacteria, but keeping the bacteria intact. The soil can then be safely 
removed by low speed centrifugation, then the bacteria can be recovered by 
centrifugati6n at higher speed. The RNAJaterJ M or other inventive RNA preservation 
media wiil'prevent the RNA from being degraded during the isolation procedure; , 

Example 21 

Methods of Isolating RNA Preserved in , 
RNA/flfer™ or other in ventive RNA preservation media 

Several methods of isolating RNA from tissue samples have been evaluated for 
suitability with RNA preservation media-preserved tissues. Several such methods can 
be practiced with kits available from Ambion. Of course, Ambion kits are not required 
for the isolation of RNA from RNA preservation media-preserved tissues, and the use of 
other methodologies or kits to isolate RNA from RNA preservation media-preserved 
tissues and cell is covered by this specification. For example, any known methods of 
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isolating RNA, such as those of Boom et al.. (selective binding and retention of nucleic 
acid to glass matrix - Qiaprep™, Qiagen, Inc.), Chomczynski et al. (Trizol™, MRC), 
Macfarlane et al. .(Catrimpx 14™, Iowa Biotechnology, Inc.), Bugos et al. 
(GuanidinerLithium Chloride), or Auffray et al. (LiChurea extraction),, or kits -for the 
practice of such methods may be used in this regard. 

The following specific examples describe the use of Ambion kits to isolate RNA 
from tissue samples or cells stored in RNAlater™ or other inventive RNA preservation 
media. It is contemplated that Ambion may choose to sell a combined kit for the 
preservation of RNA in tissue samples or cells, followed by the subsequent isolation of 
RNA from those samples. . , 

Example 22 . 

Isolation of Cellular RNA from Samples Preserved in RNAlater™ or other inventive 
RNA preservation media Using the Ambioii ToTallv RNA™ Kit. 

The Ambion Totally™ RNA kit is a Guanidinium/Acid Phenol method of 
preparing cellular RN'Ar ' 

Tn order to demonstrate the utility of combining RNAlater™ or other inventive 
RNA preservation media preservation of tissue sample with the ToTally RNA™ 
procedure, tissue samples Were! removed from storage in RNAlater™ and homogenized 
in 10 volumes of k Guahidimum Isothiocyanate lysis solution consisting of 4M 
guanidinium hydrochloride, 0.5% sarcosine ? 25 mM Sodium Citrate, 0.1 M 2- 
mercaptoethanol. Proteins are removed by an extraction with an equal volume of phenol: 
chloroform (1:1), followed by a centrifugation .'to separate the aqueous and organic 
phases. The aqueous phase is recovered and extracted a second time with phenol at pH 
4.7. This second extraction partitions any remaining proteins in the organic phase and the 
low pH forces any DNA into the organic phase. The RNA remains in the aqueous phase. 
The aqueous phase is recovered by centrifugation. The RNA is recovered from the 
aqueous phase by precipitation with 0.3M Sodium Acetate and 2.5 volumes of ethanol. 
Results are shown in FIG. 9. 
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Example 23 

Isolation of Cellular RNA from Samples Preserved in WAiater™ or other inventive 
RNA preservation medi a Usinff the 4mbion RN Aqueous™ Kit . 

The Ambion RN Aqueous™ kit is a Guanidinium lysis-method for isolating RNA 
that does not require organic solvents. Instead, it relies upon the selective adsorption of 
RNA upon a glass fiber filter. 

In order to demonstrate the utility of combining RNAqueous ™ with RNA/a/e/-™ 
or other inventive RNA preservation media tissue samples were removed from stbrage in 
RNA/ater™, transferred directly, to the Guanidinium Isothiocyanate lysis solution 
provided in RNAqueous™ and homogenized, The homogenate was applied to a glass 
fiber filter and washed with, several buffers, which remove protein and DNA. Pure RNA 
was then eluted. from the filter with water, The coupling, of RNA/a/er™ or other 
inventive RNA preservation media and RNAqueous™ has the advantage that no caustic 
or carcinogenic organic reagents (phenol, chloroform, ethanol, acetic acid, etc) are used 
throughout the : procedure. Fresh samples, or. samples preserved, in RNA/a/er™ were 
homogenized in 10 volumes of a solution consisting of 4M guanidinium hydrochloride, 
1% sarcosine. 25 mM Sodium Citrate, 0.1M 2-mercaptoethanoL 2% Triton X-100. The 
homogenate is diluted 2X and passed over a glass fiber filter. Under these conditions, 
nucleic acids bind to the filter and proteins are washed away. Several sequential washes 
in high salt and ethanol differentially wash away me ; PNA, leaving 
the filter. The RNA is subsequently, ^recovered, by elution with, hot waten Results .are 
shown in FIG. 9. 

Example 24 

Use of solid RNAIater to preserve mipleie acid in liquid samp les 

The solid components of the preferred RNA preservation composition may be 
dissolved directly in a liquid sample to be stabilized, added to a sample/liquid mixture, 
added to a sample that has been placed in a. liquid or present in a collection vessel prior to 
collection of a sample or sample/liquid mixture. 
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• The solid components can be blended in a dry mixer to the proper composition 
such that when added to an aqueous sample and dissolved, the preferred salt, buffer, and 
chelator concentration is achieved in solution. The pre-measured aliquots of powdered, 
dry components can be loaded into sample collection vessels, and an appropriate volume 
of sample would be added. The collection vessel would then : be agitated, dissolving the 
RNAlater components in the solution. This would minimize operator exposure to the 
sample, and. would be a preferred method for stabilizing nucleic acids in a biological 
specimen such as blood or urine. Alternatively, the dry components can be pressed into 
tablet form and stored in bulk. Tablets would be a convenient format for storage and "can 
be added in the correct quantity to a sample of any size in any type of container. This 
would be a preferred method for field collection of liquid sampies from such sources as 
water reservoirs or .sewage plants or the dairy industry. The primary advantages of using 
the RNA preservation reagent m dry mode would be weight savings in storage and 
transport, spills of solid components Wouid be less likely, and volume savings in that 
preserving , liquid samples with dry reagents would minimize the final volume of the 
sample... . -, -•, ... ■. ■■« . ' "■■ ' '■ '" ■■ 

* * * 

All of the 'compositioris' ahd'meth'dds 'disclosed and claimed herein can be made 
and executed without undue" exper'imehtatidn ih light of the present disclosure. While 
the compositions and methods of this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied 
to the composition and . methods and in the steps or in the sequence of steps of the method 
described herein without departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certain agents which are both chemically and 
physiologically. related may be substituted for the agents described herein while the same 
or similar results would be achieved! All such similar substitutes and modifications 
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apparent to those skilled in the art be deemed to be within the spirit, scope and concept 
of the invention as defined by the appended claims. 
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WHAT IS CLAIMED IS : 

1. A method of preserving RNA comprising: .. ■ 

(i) obtaining an RNA-containing sample; and . . . 

(ii) treating. the sample with an. RNA preservation medium that infiltrates the 
sample and protects the RNA from nucleases. 

2. The method of claim 1, wherein the RNA preservation medium precipitates the 
RNA jn the sample along with cellular protein in the sample and renders the RNA 
inaccessible to nucleases. ' 

3. • • The method of claim 1, wherein the RNA preservation medium comprises a salt. 
I. The method of claim 3j wherein the salt is a sulfate salt. ' . . 

!. The-method of claim 4, Wherein the salt is ammonium sulfate. 

The method of claim 3, wherein the salt is present in a concentration between 
20 g/ 100 ml and the saturating concentration of the salt. 

The method of claim 3, wherein the salt is ammonium sulfate in a concentration 
of between 30 g/100 ml and 80 g/ 100 ml. 

The method of claim 1, wherein the RNA preservation medium comprises a 
combination of at least two salts. 



9. 



The method of claim 8, wherein the total salt concentration is between 20 g/100 
ml and 100g/100 ml. 
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10. The method of claim 1, wherein the RNA preservation medium comprises a 
chelator of divalent cations. : 

11. The method of claim 1, wherein the RNA preservation medium comprises a 
buffer. 

12. The method of claim 1, wherein the RNA preservation medium has a pH of 
... between 4 and 8. . •• - . 

13. The method of claim 1, wherein the sample is a suspension of cells. 
If, The method of claim 1, wherein the sampleis asblid tissue sampie. 

15. The method of claim 1 , wherein the sample is a blood sample. 

16. The method of claim 1; wherein thcsample-is a water sample.- ■•' ; 

17. The method of claim l v wherein, the sample comprises an entire orgariism. 

18 :- . The method, of claim 1 7,-. wherein the organism is^a path'6'geh ; within a tissue 
sample or other organism. •.'«... .. 

19. The method of claim 1, further comprising the step 1 ••of iMating%e preserved 
RNA. . 

20. The method of claim 1.9* wherein the RNA is isolated at a temperature that is 
greater than -20°C. 

21. The method of claim 1 9, wherein the sample is stored prior to the isolation of the 
RNA. 
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22. The method of claim 2 1 , wherein the tissue is stored unfrozen at -20 ° C to 45 ° C. 

23. The method of claim 22, wherein the sample is stored at greater than 0°C. 

24. A kit for preserving RNA within a sample and isolating the RNA from the sample 
comprising: * 

(i) an RNA preservation medium that infiltrates the sample and protects the 
RNA from nucleases; and 

(ii) a reagent for performing an RNA extraction from the sample: 

25. The kit, of claim 24, wherein the reagent for performing an RNA extraction is a 
reagent for performing a guanidinium-based RNA extraction. 

26. The kit of claim 24, wherein the reagent for performing an RNA extraction is a 
reagent for performing a lithium chloride-based RNA extraction. " 

27. An, RN A preservation rpediunvthat comprises a sulfate'salt. : 1 

28. The RNA preservation medium of claim' 27, wherein the sulfate salt is ammonium 
sulfate. . f-s. is ■ . . .< .•. > - 

29. Jhe RNA.preseryation medium of claim 27, whefein the sulfate salt is present in a 
concentration between 20 g/1 00 ml and the saturating concentration of the salt. 

30. The RNA preservation medium of claim 27, wherein the sulfate salt is ammonium 
sulfate at a concentration of between 20 g/100 ml and 100 g/100 ml. 

31. The RNA preservation medium of claim 27, comprising a combination of at least 
two salts. 
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32. The RNA preservation medium of claim 3 1 , wherein the total salt concentration is 
between 20 g/100 ml and lOOg /100 ml. 

33. The RNA preservation medium of claim 27, comprising an organic solvent. 

34. The RNA preservation medium of claim 27, comprising a chelator of divalent 
cations. 



35. The RNA preservation medium of claim 27, comprising a buffer. 

36. The RNA preservation medium of claim 27, having a pH of between 4 and 8. 

37. A method of preserving RNA comprising: . . , 

(i) obtaining an RNA-containing sample;. . 

(ii) providing a salt; and 

(iii) admixing the sample and the salt, in a liquid to form . an RNA preservation 
composition that infiltrates the sample and protects, the RNA from 
nucleases. 

38. The method of claim 37, vvherein the sample is comprised in, the liquid prior to 
admixing the sample with the salt. 

, t . . ^ v ? - r:-^v: O0iij^; ; x ■• '•■ 

39. The method of claim 37, wherein the sample is a blood cell and the liquid is blood 
serum. 

40. The method of claim 37, wherein the liquid is water. 



4 1 . The method of claim 37, wherein the liquid is a buffer. 
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42. The method of claim 37, wherein the salt is in a solid form prior to admixing with 
the sample and the liquid. 

43. The method of claim 37, wherein the salt is comprised in the liquid prior to 
admixing the sample- with the salt. - * ' v 

44. The method of claim 37, wherein the salt is a sulfate salt. 

45. The method of claim 44 ? wherein the salt is ammonium sulfate. 

46. The method of claim 37, wherein the salt is present in solution at a final 
concentration of between 20 g/100 mL and the saturating concentration of the salt. 

47. The method of claim 46, wherein the salt is present in solution at a final 
concentration of between 30 g/l 00 mL and 80 g/1 00 mL. 

48. The method of claim 37; Wherein 'the RNA preservation composition comprises at 
least two salts? • ■*- 



' r -r . • f > ' 



49. The method of claim 48, wherein the total salt concentration is present in solution 
at :a final concentration of between' 20 g/100 mL and 100 g/100 mL. 

50. The method of claim 37, wherein the RNA preservation composition comprises a 
chelator of divalent cations. 

51. The method of claim 37, wherein said RNA preservation composition comprises a 
buffer. 



52. 



The method of claim 51, wherein said buffer has a pH between 4 and 8. 
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; 53. . The method of claim 37, further coirijmsing the Step of'jsolating'ihe preserved 

-54. The method of claim 53, wherein the RNA is isolated at a temperature that is 
; greater than -20°C. " -.v "• ■ v." *; 

,55. ' The method of claim 53, wherein the sample, is stored prior to . the isolation of the 



•. 56,, The method ofclajm 55, whereia.the. sample is stored at femperatures greater than 



57. A composition of matter comprising an RNA-containing sample, a liquid, and 
salt in a concentration sufficient to protect the RNA from nucleases. 

58. The composition of claim 57, wherein the salt is a sulfate salt. 

59. The composition of claim 58, wherein the sulfate salt is ammonium sulfate. 

60. The composition of claim 57, comprising a combination of at least two salts. 

6 1 . The composition of claim 57, comprising a buffer. 

62. The composition of claim 6 1 , having a pH between 4 and 8. 

63 . The composition of claim 57, comprising a chelator of divalent cations. 
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